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Prevention of Restenosis after Coronary Angioplasty with 
Low-Density Lipoprotein Apheresis 



Hiromasa Adachi, Akihiro Niwa and *Toshio Shinoda 

Department of Medicine, Divisions of Cardiology and "^Nephrology, Musashino Red Cross Hospital, 

Musashino City, Tokyo, Japan 



Abstract: A prospective study was performed to deter- 
mine whether low-density lipoprotein <LDL) apheresis, 
when performed only immediately before and after per- 
cutaneous transluminal coronary angioplasty (PTCA), is 
effective in preventing restenosis of coronary artery le- 
sions following PTCA* Thirty-six patients with coronary 
heart disease (CHD) and hypercholesterolemia were di- 
vided into 2 groups. The 9 patients in the LDL group 
underwent LDL-apheresis I day before and 5 days after 
PTCA while the 27 patients of the control group under- 
went PTCA but did not undergo LDL-apheresis. Follow- 



up coronary angiography (CAG) was performed 4 months 
after PTCA. The rate of restenosis of coronary artery 
lesions was significantly lower in the LDL group (0%) 
than in the control group (30%). These findings suggest 
that LDL-apheresis, when performed before and after 
PTCA, is effective in preventing restenosis of coronary 
artery lesions in patients with CHD and hypercholester- 
olemia. Key Words: Low-density lipoprotein aphere- 
sis — Restenosis of coronary artery lesions — Percu- 
taneous transluminal coronary angioplasty — Coronary 
heart disease — Hypercholesterolemia. 



The role of percutaneous transluminal coronary 
angioplasty (PTCA) (1) in the treatment of coronary 
heart disease (CHD) has been well-established. 
However, restenosis of dilated lesions frequently 
occurs at a high rate of frequency (30-40%) within 
several months of PTCA (2-5). Low-density li- 
poprotein (LDL) apheresis^ a new technique of 
therapeutic plasmapheresis for removal of LDL (6), 
has been reported to be effective in the treatment of 
patients with CHD and familial hypercholesterol- 
emia by virtue of preventing restenosis of dilated 
lesions following PTCA (7) and stenosis of coronary 
artery bypass grafts (CABG) (8). It accomplishes 
this by reducing the serum LDL-cholesterol and/or 
lipoprotein (a) (Lpla]) when it is performed inter- 
mittently throughout the follow-up period after 
PTCA or CABG. We attempted to determine 
whether LDL-apheresis, when performed immedi- 
ately before and after PTCA, can prevent restenosis 
of coronary artery lesions in patients with CHD and 
hypercholesterolemia in whom the serum choles- 
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terol levels are not as high as that in patients with 
familial hypercholesterolemia. 

PATIENTS AND METHODS 

Thirty-six patients with CHD and hypercholes- 
terolemia were enrolled in the present study. The 
patients were candidates for elective PTCA whose 
coronary artery lesions had been assessed by coro- 
nary angioplasty (CAG) and who had been judged 
to have the potential for successful treatment with 
PTCA. They had serum cholesterol levels of 220 
mg/dl or higher and had been treated with drugs 
such as pravastatin. They had also been treated 
with calcium antagonists and/or nitrates. These 
medications were continued throughout the study. 

The patients were divided into 2 groups, an LDL 
group and a control group. Afler being informed of 
the details of the study, a total of 9 patients (5 men 
and 4 women) agreed to undergo LDL-apheresis 
before and after PTCA (LDL group). The LDL 
group included 5 patients with old myocardial in- 
farction and 4 patients with angina pectoris (Table 
1). Thirteen coronary artery lesions were observed 
in these 9 patients. The remaining 27 patients (23 
men and 4 women) did not agree to undergo LDL- 
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TABLE 1. Patients' characteristics 





group 


Cofitroi 
group 


Number of patients 






(male/female) 


9 (5/4) 


27 (23/4) 


Age (years) 


62 ± 8.9 


60 ± 10.5 


Disease 






Angina pectoris 


4 


17 


Old myocardial infarction 


5 


10 


Number of coronary lesions 


13 (10)*' 


48 (33)" 


Left anterior descending 






branch 


4(2) 


20 (16) 


Left circumflex branch 


3(2) 


13(8) 


Right coronary artery 


6(6) 


15(9) 



" Number of coronary lesions that were dilated by PTC A. 

apheresis (control group). The control group in- 
cluded 10 patients with old myocardial infarction 
and 17 patients with angina pectoris (Table I). 
There were a total of 48 coronary artery lesions in 
these 27 patients. There was no difference in age, 
gender, number, or degree of coronary artery le- 
sions or serum lipid levels between the LDL and 
control groups (Tables 1 and 2, Fig. 1). 

The serum total cholesterol, high-density lipopro- 
tein (HDL) cholesterol, LDL-cholesterol, triglycer- 
ide, apoprotein (Apo) A-1, Apo B, the Apo B/A-I 
ratio, and Lp(a) were determined before PTCA and 
at the follow-up CAG. They were also determined 
before and after LDL-apheresis in the LDL group. 
Total cholesterol and triglyceride levels were mea- 
sured with an autoanalyzer (Automatic Analyzer 
736-40, Hitachi, Tokyo, Japan) and HDL-cho- 
lesterol with another autoanalyzer (COBAS MIRA 
PLUS, Roche Japan, Tokyo, Japan). LDL-cho- 
lesterol was calculated using Friedwald*s equation. 
The apoproteins were measured by turbidimetric 
immunoassay and Lp(a) by enzyme-linked immuno- 
sorbent assay. 

LDL-apheresis was performed 1 day before and 5 
days after PTCA using a plasma separator, the Sul- 
frax FS-05 (Kaneka, Osaka, Japan), an adsorbent 
column for LDL (Liposorba LA- 15, Kaneka) and 
an operating system, MA-01 (Kaneka). The cubital 
veins were used bilaterally for vascular access. The 
forearms were warmed with warming pads to obtain 
a rate of blood flow of 70-^0 ml/min. Separated 
plasma was processed with the LA-15 column at a 

TABLE 2. Degree of coronary artery stenosis 







Just after 


Follow-up 




Before PTCA 


PTCA 


CAG 


Group 


i%) 


(%) 


{%) 


LDL 


88.7 ± 9.6 


36.5 ± 9.9 


41.0 ± 12.9 


Control 


89.6 :t 6.5 


38.4 ± 15.8 


53.5 ± 26.9 



(mg/dl) 
400 - 



300 - 



200 



100 



□ 



Control group 
LDL group 



i 



1 




Jr. 



T-chol 



HDL 



LDL 



TG 



Lp(a) 



FIG. 1. Serum lipid levels in the control and LDL groups are 
shown. Values are mean ± SD. T-chol, total cholesterol; HDL. 
HDL-choIesterol; LDL. LDL-cholesterol: TG. triglyceride: 
Lp(a). lipoprotein (a). 



rale of 35 ml/kg of body weight (B W) or higher in a 
session of 120-180 min. 

The degree of coronary artery stenosis was de- 
termined by densitometry using the Cardio 500 
(Kontron, Munchen, Germany). A follow-up CAG 
was performed 4 months after PTCA. The coronary 
artery lesions seen in the CAG immediately after 
PTCA and the follow-up CAG were compared with 
respect to location, number, and degree of stenosis. 
On the follow-up CAG, 'restenosis was defined as 
»recurrent loss of 50% or more of the luminaFdiam- 
eti^r in.the dilated coronary arteries. 

Statistical analyses were performed using the 
Student's r-test for continuous variables, Wilcox- 
on's signed-ranks test for Lp(a), and the chi-square 
test for comparisons of frequency of gender or re- 
stenosis between the two groups; p values less than 
0.05 were considered statistically significant. 

RESULTS 

PTCA was performed for 10 of the 13 lesions in 
the LDL group and for 33 of the 48 lesions in the 
control group. The degree of coronary artery steno- 
sis was improved by PTCA from 88.7 ± 9.6% to 
36.5 ± 9.9% in the LDL group; and from 89.6 ± 
6.5% to 38.4 ± 15.8% in the control group. There 

TABLE 3. Rate of restenosis at follow-up CAG 





Number of segments 


Rate of 


Group 


restenosis/dilated 


restenosis (%) 


LDL 


0/10 


0° 


Control 


10/33 


30" 



' p < 0.05. 
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(mg/dl) 
300 



200 
100 



Total cholesterol 



P<0.01 




LDL apheresis 
first second 



After 
4 months 



(mg/dl) 
400 



200 



Trigrtceride 

P<:0.05 




LDL apheresis 
first second 



After 
4 months 



(mg/dl) 
80 



40 



HDL cholesterol 




LDL apheresis 
first second 



After 

4 months 



(mg/dl) 
150 



LDL cholesterol 

P<0.01 




LDL apheresis After 
first second 4 months 



RG. 2L The changes In serum lipid levels and the time-course of treatment in the LDL group patients (1) are shown. Values are 
mean ± SD. 



(mg/dl) 
150 r 



100 
50 V 



Apoprotein A* I 

P<0.01 




LDL apheresis 
first second 



After 
4 months 



(mg/dl) 
1.5 



1.0 



0.5 - 



0.0 



Apoprotein B/A-l ratio 

P<0.01 




LDL apheresis 
first second 



After 
4 months 



(mg/dl) 
150 



100 



50 



Apoprotein B 
P<0.01 




LDL apheresis 
first second 



After 
4 months 



(mg/dl) 
40 



20 - 



Lipoprotein(a) 



P<0.01 




LDL apheresis 
first second 



After 
4 months 



FIG. 3. The changes in the serum lipid levels and the time-course of treatment in the LDL group patients (2) are shown. Values 
are mean ± SD. 
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was no difference in the degree of coronary artery 
stenosis immediately after PTCA between the two 
groups (Table 2). 

On follow-up CAG, the mean degree of coronary 
artery stenosis was slightly lower in the LDL group 
(41.0 ± 12.9%) than in the control group (53.5 ± 
26.9%; Table 2). Restenosis of PTCA-dilated le- 
sions was not observed in the LDL group (0%) but 
was observed in 10 of 33 lesions (30%) in the control 
group (Table 3; p < 0.05). 

In the LDL group, serum cholesterol was de- 
creased from 190.2 ± 26.2 to 104.8 ± 16.6 mg/dl by 
the first session of LDL-apheresis (1 day before 
PTCA) and from 145.8 ± 20.2 to 75.3 ± 14.1 mg/dl 
by the second session (5 days after PTCA) (Fig. 2). 
By 4 months after PTCA, serum cholesterol (191.3 
± 24.0 mg/dl) had returned nearly to the level 
present before the first LDL apheresis in the LDL 
group. The same trend was observed for other pa- 
rameters of lipid metabolism including serum tri- 
glyceride, HDL-cholesterol, LDL-cholesterol, Apo 
A-I, Apo B, the Apo B/A-I ratio, and Lp(a) in the 
LDL group (Figs. 2 and 3). 

DISCUSSION 

The rate of restenosis after PTCA was signifi- 
cantly lower in the LDL group than in the control 
group. In addition, the degree of stenosis of PTCA- 
dilated lesions at follow-up CAG was slightly lower 
in the LDL group than in the control group. The 
rate of 30% in the control group is almost the same 
as that noted in previous reports (2-5). These find- 
ings suggest that LDL-apheresis, when performed 
immediately before and after PTCA, decreases the 
restenosis that occurs following PTCA in patients 
with CHD and hypercholesterolemia. 

Prevention of restenosis after PTCA by LDL- 
apheresis performed in the same manner as in the 
present study was reported in a recent study (9). In 
thai study, the rate of restenosis was not improved 
by LDL-apheresis for the entire group of patients 
who underwent LDL-apheresis but only in a sub- 
group of 42 patients whose Lp(a) levels were re- 
duced by 50% or more by LDL-apheresis. The au- 
thors emphasized the importance of the role played 
by Lp(a) in the initiation of restenosis after PTCA. 
They suggested several mechanisms that might 
cause restenosis, including suppression of fibrino- 
lytic activity, thrombus formation and the subse- 
quent release of growth factors, promotion of vas- 
cular smooth muscle growth, and an increase of 
extracellular matrix. In the present study, preven- 
tion of restenosis of PTCA-dilated lesions was ob- 



served in patients who underwent LDL-apheresis 
irrespective of their LP(a) levels. 

On the other hand, in another study (10) no asso- 
ciation was found between Lp(a) and the frequency 
of restenosis after PTCA despite the presence of a 
strong association between Lp(a) and coronary ar- 
tery disease. They observed an association between 
restenosis after PTCA and a low serum HDL2 or 
high Apo B level. In addition, other authors sug- 
gested that the short-term reduction of cholesterol 
increased the coronary arterial/arteriolar flow ca- 
pacity (11). The beneficial effects of cholesterol- 
lowering therapy on coronary endothelium-de- 
pendent relaxation have also been reported (12). 

In the present study, no difference was found in 
the parameters of lipid metabolism between the 
LDL and control groups. In addition, no difference 
was observed in the serum cholesterol level be- 
tween the 2 groups at follow-up CAG. The serum 
cholesterol, LDL-cholesierol, Apo B, and Lp(a) 
levels were markedly decreased following 2 ses- 
sions of LDL-apheresis. However, this effect was 
only transient with the use of our protocol. LDL- 
aphcrcsis had little effect on HDL-cholesterol and 
Apo A-[. In the LDL group, the time-averaged lev- 
els of serum cholesterol and Lp(a) were about 125 
and 13 mg/dl, respectively, during the week on the 
second day of which PTCA was performed. 

Thus, the transient decrease in serum cholesterol 
and/or Lp(a) was responsible for the prevention of 
restenosis of PTCA-dilated coronary lesions by 
LDL-apheresis. Deposition of cholesterol in vascu- 
lar walls is one of the most important mechanisms 
in the initiation and progression of atherosclerotic 
lesions. In the case of PTCA, endothelial injury 
might play a role in triggering subsequent resteno- 
sis. Very low levels of serum cholesterol might 
lessen deposition of cholesterol in the injuried vas- 
cular walls after PTCA. 
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